INTRODUCTION
Since the 1920's it has been known that there exists spontaneous electrical activity in the digestive tract (1). Following the initial recording of signals from the surface wall of the stomach, improvements in electronic recording techniques have led to a great amount of data being obtained throughout the tract and in many species of animals (2). The outstanding feature of the electrical activity is the existence of a spontaneous low frequency oscillation often called the 'basic electrical rhythm' or pacesetter potential (3). This rhythm has been shown to be spontaneously present by the fact that small excised areas of tissue still show regular oscillations.
Although there are onsiderable differences in the electrical rhythms between species the spontaneous activity has been recorded in the stomach, small intestine, large intestine and rectum (4, 5, 6, 7) .
In the stomach the rhythm is pulse-like in dogs have a small amount of asymmetry which can be allowed for in the mathematical model.
The duodenal frequency varies between about O.2Hz in humans and O.25Hz in dogs. Over the length of the duodenum there is a constant frequency known as a 'plateau' effect which has been of considerable interest in producing a mathematical model for the tract (8) . From the end of the duodenum to the ileum, the small intestine exhibits a shallow gradient of frequency with the human recording dropping to about O.17Hz at the ileum.
In the colon and rectum however there is a difference in the pattern of behaviour between humans and other species. In humans there are three patterns recorded (9) . There are periods of zero activity when no regular rhythms are obtained, interspersed with two oscillations having frequencies of about O.OSHz and O.12Hz. These frequencies do
not have a precise integer relationship and cannot therefore be viewed as a harmonic phenomenon.
There is no obvious gradient of frequency along the length of the colon, but the percentage occurrence of each of the three modes does vary significantly.
Synchronised with the basic electrical rhythms are action potentials which occur whenever there are mechanical contractions in the tract. There are however long periods when no action potentials are present but the low frequency oscillations continue.
The nature of the action potentials varies between species and between different parts of the tract.
In the canine stomach the whole waveshape of the basic rhythm is altered giving a much larger mark-space ratio as can be seen in Figure 2 . In the human duodenum~ however, actional potentials comprise a burst of high-frequency pulses superimposed on top of the basic rhythm. Recordings made at the Department of Surgery,
Iiii III If Sheffield, in the human colon have so far produced no evidence of any action potentials during mechanical contractions.
Some evidence exists that there is coordination between the stomach and duodenum which controls the emptying of the stomach contents into the small intestine (10). A further phenomenon in the small intestine comprises a travelling wave of action potential spikes accompanied by a variation in the basic rhythm frequency (11).
Neural and hormonal modulation of the rhythms in intact organs appears to be fairly small~ so that changes in frequency of greater than I(P~ are rare even for large drug stimulations. An exception %o this is bombesin which appears to completely stop the electrical activity in the small intestine (12). Similarly~ common diseases of the tract seem to have little effect upon the electrical activity except in the case of diverticnlmr disease of the human colon which produces a higher frequency rhythm of about O.25Hz as seen in Figure 3 . Operations such as the cutting of the vagal nerve supply to the stomach produce temporary changes in the electrical patterns but considerable recovery to the normal patterns is often observed (13). All the signals are mvolts in amplitude and are amplified before recording onto 6 channel ultraviolet paper in parallel with a 4 channel analogue FM tape recorder.
Large amounts of data have been recorded from humans and dogs in this way and it has been found desirable to select visually from the ultraviolet recordings suitable 8 minute stretches of data for subsequent interactive analysis. These stretches are compressed onto another FM analogue tape by playing back the original tapes 16 times faster than real time.
In this way S000 8-minute stretches of data can be compressed onto one 1200ft. analogue tape.
The logging and analysis program used for the gastro-intestinal research forms part of a general systems analysis and identification package which has grown out of the medical application (15). There are 41 options currently available each of which can be conversationally selected by a three letter code.
The LOG option is used to continuously log the compressed data via a high speed ADC onto the IM word disc of a GE4020 process control computer.
Various display options allow for 'paging' and expansion of the data base. Amongst the analysis programs the fast Fourier transform is most commonly used for accurate measurement of the digestive rhythm frequencies. An example of this is shown in Figure 4 which is a canine duodenal transform also containing a gastric component, made evident by using a logarithmic transform. Use is also being made of a fast Walsh transform (I_6) and 
DIGESTIVE TRACT MODELLING
A mathematical model which reproduces all the known physiological phenomena recorded from the gastro-intestinal tract comprises a set of mutually-coupled oscillators.
For the small and large intestines which have a tubular structure, a one-dimensional 'chain' of oscillators has been utilised (8) For some types of coupling between two oscillators it has been found that the algebraic equations can be solved directly when the uncoupled frequencies are equal.
Simple relationships between entrained frequency and coupling factor have been found (22) and similarly for amplitude. It has also been found that prediction of two stable limit cycles can be obtained from the harmonic balance method. Thus Figure 9 shows the good agreement between analytical and simulated results giving the minimum coupling
F==~or £ Figure 9 -The minimum coupling coefficient required to produce 2 stable limit cycles as a function of waveshape parameter.
values of waveshape factor '~' which produce two stable limit cycles. The analytical relationship is given by
In the majority of cases the non-linear algebraic relationships cannot be solved directly and methods of hill-climbing have to be used. Provided the waveshape factor '~' is less than unity good correlation has been obtained between simulated and hillclimb results as can be seen in Figure iOa The second algorithm is a Fletcher-Reeves routine (25) which uses 'n' one-dimensional searches based on steepest descent to a local minimum.
When a local minimum is located the conjugate direction is found and another onedimensional search is commenced. This algorithm has been found to give better results both in terms of hill-values and speed. Figure 13 is the amplitude result obtained 6.
